Magnitude-dependent regulation of pulmonary endothelial cell barrier function by cyclic stretch.
Ventilator-induced lung injury syndromes are characterized by profound increases in vascular leakiness and activation of inflammatory processes. To explore whether excessive cyclic stretch (CS) directly causes vascular barrier disruption or enhances endothelial cell sensitivity to edemagenic agents, human pulmonary artery endothelial cells (HPAEC) were exposed to physiologically (5% elongation) or pathologically (18% elongation) relevant levels of strain. CS produced rapid (10 min) increases in myosin light chain (MLC) phosphorylation, activation of p38 and extracellular signal-related kinase 1/2 MAP kinases, and actomyosin remodeling. Acute (15 min) and chronic (48 h) CS markedly enhanced thrombin-induced MLC phosphorylation (2.1-fold and 3.2-fold for 15-min CS at 5 and 18% elongation and 2.1-fold and 3.1-fold for 48-h CS at 5 and 18% elongation, respectively). HPAEC preconditioned at 18% CS, but not at 5% CS, exhibited significantly enhanced thrombin-induced reduction in transendothelial electrical resistance but did not affect barrier protective effect of sphingosine-1-phosphate (0.5 microM). Finally, expression profiling analysis revealed a number of genes, including small GTPase rho, apoptosis mediator ZIP kinase, and proteinase activated receptor-2, to be regulated by CS in an amplitude-dependent manner. Thus our study demonstrates a critical role for the magnitude of CS in regulation of agonist-mediated pulmonary endothelial cell permeability and strongly suggests phenotypic regulation of HPAEC barrier properties by CS.